The relationship between anatomy and function has long been recognised. Understanding the gross structure, and the myoarchitecture, of the atriums is fundamental to investigations into the substrates and therapy of atrial fibrillation. Based primarily on our experience with normal human hearts, this review provides, firstly, a basis of comparison of gross structures as seen in the clinical situation, and in animals commonly used in experimental studies. Secondly, we discuss the general arrangement of myocardial fibres with respect to gross topography in the normal human heart. The right atrium is dominated by an extensive array of pectinate muscles within the extensive appendage, whereas the left atrium is relatively smooth-walled, with a much smaller tubular appendage. Myoarchitecture displays parallel alignment of fibres along distinct muscle bundles, such as the terminal crest and Bachmann's bundle. Within the smooth wall of the left atrium, there is a marked transmural change in the orientation of the muscular fibres. Abrupt changes in orientation, and mixed arrangements, are common between bundles. Other than Bachmann's bundle, the muscular bridges which provide interatrial connections, and connections between the left atrium and the coronary sinus and inferior caval vein, are highly variable. Inhomogeneities both in gross structure and myoarchitecture are common in the normal heart. These should be taken into account when investigating hearts from patients known to have had a history of arrhythmias, in devising computer models, or when refining diagnostic and therapeutic strategies.
Introduction
found in the right ventricle. Along with his associate Flack [3] , Keith [2] had explored extensively the anatomical Describing Harvey as the 'patron saint' of anatomists, substrates for atrial contraction and excitation. According Arthur Keith, in his Harveian Lecture [1] given in 1918, to Keith [1] , such meticulous work had been dismissed by referred to the architecture of the musculature of the heart Hunter, a century and a half after the days of Harvey, in as a 'well-worn theme' of the 17th century. In his earlier the phrase 'Much more pains than were necessary have treatise written in 1907 on the jugular pulse, Keith [2] had been taken to dissect and describe the course and arrangeopined that each atrium and ventricle contained two sets of ment of the muscular fibres of the heart'. It is not muscular fibres-circular and longitudinal. He suggested surprising, therefore, that myocardial architecture was that the circular fibres in the right atrium were for subsequently ignored. This has continued through the last compressing the chamber and expelling the blood, while century. Thus, the architecture of atrial musculature in the longitudinal fibres were antagonists of those to be human, in particular, is scarcely mentioned, apart from the aforementioned studies of Keith and Flack [1, 2, 4] , those of Papez [5] in the early part of the century, and our own *Corresponding author. Paediatrics, National Heart and Lung Institute, works in the latter part [6, 7] . Our interest had been that allowed atrial function to be analysed in the clinical posteriorly (Fig. 1A,B) . The front of the left atrium lies setting. Concurrently, innovations in electrophysiologic just behind the transverse pericardial sinus, which is mapping within the cardiac chambers stimulated a need for bordered anteriorly by the aortic sinuses. The posterior better understanding of the gross arrangement of atrial wall is just in front of the tracheal bifurcation. Owing to musculature to provide a morphologic basis for atrial the angulation of the entrances between the superior and conduction. In this review, so as to set the scene, first we inferior caval veins, the posterior wall of the right atrium describe the major components of the atriums and their in humans is slightly indented. In mammals, like dogs and variations in normal human hearts. We then make comhorses, the angulation is sharper, with a distinct fold seen parisons with atrial structure in animals that are commonly inferior to the entrance of the superior caval vein. This is used in experimental studies. Finally, we describe the described as the tubercle of Lower [8] . In these mammals, normal atrial myoarchitecture as seen in the human. In our the right pulmonary veins pass in the intercaval angle. In opinion, interpretation of the findings from patients with man, in contrast, the right superior pulmonary vein passes atrial arrythmias, as and when these become available for posterior to the superior caval vein, with the right inferior study, will be impossible without a firm knowledge of vein passing behind the venous sinus of the right atrium normal structure and its variations. (Fig. 1B) . The musculature from the right atrium extends up to 1 cm over the wall of the superior caval vein in the dog, allowing electrical activity to be recorded in the vein 2. Gross structures [9] . In man, the muscular extension is short along the superior caval vein, but hardly found in the inferior caval In order properly to appreciate the clinical significance vein, rendering a discrete termination of conduction propaof atrial structure, it is vital that the arrangement of the gation inferiorly. cardiac components be described in attitudinally correct
The atrial septum, best appreciated in the transverse orientation. Thus, when viewed from the front, the cavity plane, runs obliquely from the front, extending posteriorly of the right atrium is positioned to the right and anterior, and to the right. The pulmonary veins join the posterior while the left atrium is situated to the left and mainly part of the left atrium, with the orifices of the left pulmonary veins being more superiorly located than those since the vein also drains the return from the parietal chest of the right pulmonary veins. In the human, it is most wall in these animals. common to find two orifices on each side (Fig. 1B) . Sometimes, two veins of one, or both, sides are united 2.1. The right atrium prior to their entry to the atrium. In others, an additional vein is found, more frequently on the right side. Five or six A muscular sack, the wall of the right atrium is best orifices are described for the canine heart, but there may be considered in terms of three components -the appendage, fewer orifices when some veins become confluent before the venous part, and the vestibule ( Fig. 2A,B) . There is entering the atrium [8] . Related posteriorly and inferiorly then a fourth component, the septum, which is shared by to the left atrium is the coronary sinus, which is the the two atriums ( Fig. 2A) . From the epicardial aspect, the continuation of the great cardiac vein (Fig. 1C) . It occupies dominant feature is the large, triangular shaped, appendage the left atrioventricular groove. The oblique vein of which is located anterior and laterally (Fig. 2B) . Usually, a Marshall, located between the left atrial appendage and the fat-filled groove corresponding internally to the terminal left upper and lower pulmonary veins, runs inferiorly along crest ('crista terminalis' or taenia terminalis) can be seen the inferior atrial wall to join the coronary sinus (Fig. 1C) .
along the lateral wall. This is the terminal groove, or This vein is obliterated for the most part in the majority of sulcus terminalis. The sinus node is located in this groove, individuals. It remains patent as an isolated malformation, close to the cavoatrial junction (Fig. 2B, C) . Even viewed the persistent left superior caval vein draining into the from the outside, the extensive array of pectinate muscles coronary sinus, in 0.3% of the normal population. Much so characteristic of the right atrium is evident. Arising more frequently, persistent patency is associated with other from the terminal crest, the pectinate muscles spread congenital cardiac malformations. In some mammals, throughout the entire wall of the appendage, reaching to especially pigs and other ruminants, persistent patency of the lateral and inferior walls of the atrium. Inside the the oblique vein is the norm. Somewhat confusingly, the atrium, the branching and overlapping arrangement of the structure is called the azygos vein in veterinarian texts, pectinate muscles is clearly visible. In between the ridges of pectinate muscles, the wall is very thin and almost inferior border of the triangle is the orifice of the coronary parchment-like. Although extensively arranged, the pectisinus, and the vestibule immediately anterior to it (Fig. 3) . nate muscles never reach the orifice of the tricuspid valve.
This part of the vestibule, forming a discrete and apparentAlways, a smooth muscular rim, the vestibule, surrounds ly septal isthmus, is the area often targeted for ablation of the valvar orifice, with the musculature inserting into the the 'slow pathway' in atrioventricular nodal re-entrant valvar leaflets (Fig. 2A) . The venous component receiving tachycardia. Contrary to its designation, however, the the caval veins is again characterised by the smoothness of musculature of the isthmus is not strictly septal. It is its walls. The terminal crest marks the junction of the formed by the thin atrial wall which overlies the ventricuvenous and rough zones. lar musculature (Fig. 4A,B) . The laminar arrangement is The eustachian valve, guarding the entrance of the particularly well displayed in dissections into the inferior inferior caval vein, is variably developed. Usually it is a pyramidal space, including surgical procedures for avultriangular flap of fibrous or fibro-muscular tissue that sion of accessory atrioventricular pathways [15] [16] [17] . The inserts medially to the eustachian ridge, or sinus septum, so-called 'fast pathway' corresponds to the area of muswhich is the border between the oval fossa and the culature close to the apex of the triangle of Koch [18] [19] [20] . coronary sinus ( Fig. 2A) . In some cases, the valve is A small crescentic flap, the Thebesian valve, usually particularly large and muscular, posing an obstacle to guards the orifice of the coronary sinus. Frequently, the catheters passed from the inferior caval vein to the inferior valve is fenestrated. An imperforate valve completely part of the right atrium. Occasionally, the valve is percovering the orifice is very rare. The atrial wall inferior to forated, or even takes the form of a delicate filigreed mesh.
the orifice of the coronary sinus is usually pouch-like. It is When it is extensive and stretches across to the superior often described as the sinus of Keith, or the sub-eustachian caval vein or the tubercle of Lower, it is described as a sinus. In attitudinal orientation, the pouch is anterior to the Chiari network [9] . The free border of the eustachian valve orifice of the inferior caval vein and sub-Thebesian. It continues as a tendon that runs in the musculature of the forms the posterior part of the so-called 'flutter' or 'lateral' sinus septum. It is usually described as the tendon of isthmus, between the inferior caval vein and the tricuspid Todaro [10] [11] [12] . It is one of the borders of the triangle, valve (Fig. 4A , C, D). In simulated right anterior projecnamed for Koch, that delineates the location of the tion, this isthmus is the 'inferior' border of the right atrioventricular node. In attitudinal orientation, the node is atrium, not lateral (Fig. 3A) . In contrast to the shorter and within the triangle's apex pointing superiorly (Fig. 3A, B) . smooth septal isthmus, three morphologic zones are usualThe concept of Koch's triangle has been disputed recently ly distinguishable in the inferior isthmus [21] . It receives a [13] , despite its known value to cardiac surgeons and variable number of muscular branches of varying morpholelectrophysiologists alike [14] . These protestations are ogy from the terminal crest ( Fig. 4C, D) . The most unjustified, since its boundaries are clear-cut. Thus, the posterior zone is often fibrous, the middle zone is trabecuanterior border is marked by the hinge of the septal leaflet lated, made up of the extensions of the pectinate muscles, of the tricuspid valve. Superiorly, the central fibrous body while the anterior zone is the smooth vestibular wall. is the landmark for penetration of the bundle of His. The
The atrial septum
When seen from the right atrial aspect, the septum is limited to the floor of the oval fossa, the latter being surrounded by a raised muscular rim. The extensive musculature seen antero-medially relative to the fossa is not septal, being the wall of the atrium lying immediately behind the aorta (Fig. 2A) . The superior rim of the fossa is then the infolded wall between the superior caval vein and the right pulmonary veins (Fig. 5A ). In about one-quarter to one-third of the normal population, there is probe patency of the oval fossa, even though the valve is large enough to overlap the rim. This is because the adhesion of the valve to the rim is incomplete. This leaves a gap, usually in the antero-superior margin, corresponding to a rims in these areas. These infoldings are not septal. Access component, with the venous orifices at each corner, is to the infoldings from the epicardium is through the found posteriorly, and is directly confluent with the body interatrial groove, recognised by surgeons as Waterston's (Fig. 1B, C) . Surrounding the mitral orifice is the vestibuor Sondergaard's groove (Fig. 5A) . Sandwiched between lar component. The atrial appendage is characteristically a the fold are epicardial tissues, frequently containing the small finger-like extension in human hearts (Figs. 1C and arterial supply to the sinus node. The prominent antero-5B). It has crenellations, or lobes [22] , that are potential inferior fold of the fossa, however, separating the flap sites for deposition of thrombus [23] . Owing to its tubular valve from the triangle of Koch and the mouth of the shape, its junction with the left atrium is narrow and coronary sinus, is muscular and constitutes an atrial septal well-defined (Fig. 5B) . In the pig, the left appendage is component.
broader and spade-shaped, but it still has a narrow junction with the rest of the atrium. The pectinate muscles are much 2.3. The left atrium less extensive in the left atrium, being confined within the tubular appendage. They form a complicated network of As with the right atrium, the left atrium possesses a muscular ridges lining the endocardial surface. Since the venous component, a vestibule and an appendage, and left atrium lacks a muscular bundle equivalent to the shares the septum (Fig. 5B) . In the left atrium, however, terminal crest, the division between the rough and smooth there is also a prominent body. The pulmonary venous walls is at the mouth of the appendage. Occasionally, a shelf or protrusion on the endocardial surface marks the only in recent years, however, that focuses of ectopic junction between the mouth of the appendage and the activity have been the target of ablative procedures for orifice of the left upper pulmonary vein. Thus, the major treatment of paroxysmal atrial fibrillation. It is perhaps no part of the left atrium, including the septal component, is coincidence that the myocardial sleeves are longest in the smooth-walled (Fig. 5B) . The smoothest parts are the superior pulmonary veins, corresponding to the highest superior and posterior walls that make up the body, the frequency of ectopic focuses reported in several series pulmonary venous component, and the vestibule. The area [7, 25, 30, 31] . Myocardial sleeves are unlikely to be innoof the anterior wall just behind the aorta is usually thin, an cent bystanders, although the substrate for arrhythmogenic area noted by McAlpine [24] as vulnerable to being torn. activity remains to be identified. The superior wall, or dome, is thickest, measuring 3.5 to 6.5 mm in formalin-fixed normal specimens [7] .
Sinus node, atrioventricular node and internodal
The orifices of the right pulmonary veins are directly conduction adjacent to the plane of the atrial septum (Fig. 5A) . The transition between atrium and vein is smooth. Musculature Located in subepicardial position, and identifiable hisof the atrial wall extends into the veins for various tologically as a mass of specialised myocardial cells, the distances (Fig. 6A,B) . Close to the venous insertions, the sinus node in the adult is approximately 3-mm-thick and sleeves are thick, and completely surround the epicardial 10-mm-long (Fig. 2B,C) . Since the bulk of the node is aspect of the veins. The distal margins of the sleeves, subepicardial, and therefore separated from the right atrial however, are usually irregular as the musculature fades cavity by the thickness of the terminal crest, it may be out. Earlier studies of the venoatrial junctions have sugdifficult to modify the sinus node by ablation from within gested a sphincteric or mechanical role for the myocardial the atrium. At the borders of the node, transitional cells sleeves [25, 26] . Independent pulsation has long been interpose between typical nodal cells and ordinary myocarrecognised in the veins, the first observation being made by dium. A similar arrangement exists with the atrioventricuBrunton and Fayrer in 1876 [27] . Independent electrical lar node. The compact atrioventricular node receives inputs activity has also been known for some time [28, 29] . It is from histologically discrete transitional cells from the walls of both left and right atriums, as well as from the (Fig. 4C, D) . This arrangement would seem to favour inferior margin of the atrial septum. In contrast, there are preferential conduction [33, 35] . Lewis and his colleagues no histologically specialised tracts which run through the [36] described a 'concentration point' in their elegant atrial musculature to link the cardiac nodes. Instead, spread investigation of the origin and propagation of the excitatof the excitation wave from the sinus node is along ory process in the canine heart published in 1914. From preferential routes dictated by atrial geometry [32] . The histological sections, they determined this focus to be close orifices of the veins, and the oval fossa, divide the atrial to the 'head' of the sinus node, where muscular bundles myocardium into muscular areas, some connected by radiate 'eager to act as outgoing messengers' to the muscular bundles and others forming narrow zones or appendage, body of the atrium, the septum and the isthmuses (Fig. 3) . Since propagation in a direction parallel 'interauricular band'. Indeed, this junctional point is where to the length of the myocardial fibre will be faster than in a the sagittal bundle originates to pass into the tip of the direction perpendicular to it [33] , it is reasonable that right appendage superiorly ( Figs. 2A and 3A) . From the internodal conduction is modulated by the arrangement, or same point, the apex of the terminal crest descends myoarchitecture, of the myocardial fibres in the internodal inferiorly, while the interatrial bundle, called the interareas. auricular band by Lewis and his colleagues, and also commonly known as Bachmann's bundle, takes its origin from this point before passing leftward into the left atrium 3. Myoarchitecture (Fig. 6A ). Our recent observations have revealed non-uniform By myoarchitecture, we refer to the gross arrangement arrangement of fibres in the junctional areas between the of myocardial fibres that make up the walls of the cardiac terminal crest and pectinate muscles and the adjoining chambers [34] . 'Fibre' is used in a macroscopic sense, intercaval musculature. The distal portions of the crest add referring to a group of similarly orientated myocytes of to the variability in topography of the flutter isthmus ( . In some hearts, the isthmus is completely made on fixed specimens to reveal the fibres. 'Bundle' muscular, or a large trabeculation from the crest is seen to denotes a collection of fibres with the same general run posteriorly. In the majority of hearts, the posterior alignment. Changes in orientation through the thickness of portion is membranous, while the midportion contains the wall may be gradual or abrupt. Major overlapping branching and interconnecting muscular trabeculations. bundles with different orientations are described as
The anterior portion of the isthmus in all hearts is the 'layers', without implying physical separation or insulation smooth wall of the vestibule. It is then the disarray of the by fibrous sheaths. Following the precedence of Keith [2] , trabeculations that has the potential for delaying conducwe define two main orientations, using the planes of the tion. atrioventricular junctions as our point of reference. Thus, In the lateral wall, the pectinate muscles arise almost circular fibres are more or less parallel to the atrioventricuperpendicularly from the crest. They run in a posteriorlar junction, while longitudinal fibres run nearly perpenanterior direction as seen in simulated right-anterior obdicularly. Oblique fibres are those inclined between the lique projection ( Fig. 2A) , and extend to insert into the two major axes.
vestibule. Keith [2] , followed by Flack [4] , emphasised the function of the pectinate muscles in atrial contraction, 3.1. The right atrium pulling on the ventricle. Keith counted 15 to 18 pectinate muscles, each of 1 to 2 mm in diameter. In between these Internally, the most prominent muscular bundle in the trabeculations are finer, criss-crossing, muscles, many of right atrium is the terminal crest. It extends almost in a them originating from the pectinate muscles. Antero-su-C-shape from the anteromedial wall of the right atrium, but periorly, the tip of the appendage shows a less regular its precise origin is unclear (Fig. 2A) . Forming a discrete pattern of pectinate muscles. Some of these taking origin subendocardial ridge, it passes anterior to the orifice of the from the sagittal bundle (septum spurium) branch like superior caval vein. It then sweeps rightward and laterally fronds or palm-leaves [38] . Others are arranged in interlacto descend inferiorly toward the orifice of the inferior caval ing whorls. vein, where it ramifies as a series of trabeculations leading On the endocardial aspect, the vestibule that anchors the into the 'flutter' isthmus (Fig. 4C, D) . The close relationpectinate muscles is variously termed the circular musculaship of its proximal course to the entrance of the superior ture of the auricular canal [2] , the right anterior crest [5] , caval vein had caused Keith [2] initially to infer that it was the annular bundle [6] , and the anterior vertical bundle responsible for closing the venous orifice, preventing (Figs. 2A, 3A and 4A) [39] . Toward the tricuspid orifice, it reflux of blood from the right atrium. He later conceded thins out to abut the insertion of the valve. On the that its contraction is never adequate completely to occlude epicardial aspect only a small part of the vestibule is the orifice. Nevertheless, it is a distinct bundle in most visible since it extends much further towards the tricuspid hearts, showing longitudinally aligned myocardial fibres valve in the subendocardium. The vestibular muscle is also arranged circularly, but is continuous with the lower branches into two oblique fascicles which fuse with the bifurcation from the right extremity of the interatrial band superficial circular bundle. In some hearts, the septopul- (Fig. 6A, B) . When traced inferiorly and toward the monary bundle blends into an area of mixed fibres, without septum, the annular bundle loses its prominence as the a dominant orientation (Fig. 6B ). Deeper still, in the pectinate muscles diminish. The upper bifurcation of the subendocardium, the dominant fibres in the anterior wall interatrial bundle sends strands into the subepicardium of arise from a bundle described by Papez [5] as the the atrial appendage and into the area of the terminal crest septoatrial bundle. Ascending obliquely from the anterior (Fig. 6A) .
septal raphe, this layer soon fans out. It then proceeds as a The rim of the oval fossa is prominent in most hearts.
broad band which combines with the longitudinal fibres of The myofibres are arranged circularly around the fossa.
the septopulmonary bundle toward the orifices of the right The peripheral fibres in the antero-superior rim extend pulmonary veins (Fig. 6D, G) . Another band from the fan toward the origin of the terminal crest. Similarly, the fibres turns laterally, combining more superficially with leftward in the anterior rim combine with fibres from the apex of fibres of the septopulmonary bundle toward the orifices of Koch's triangle and the eustachian ridge [19] in this region the left pulmonary veins. Thus, there is an abrupt change corresponding to the 'fast pathway' in atrioventricular of fibres, or mixed fibres, in the subendocardium of the nodal re-entrant tachycardia. Fibres in the posterior rim posterior wall (Fig. 6D) . A third branch is circumferential, blend into obliquely arranged fibres of the intercaval passing leftward to surround the mouth of the appendage, bundle that cover the epicardial surface of the venous sinus and then combining with the circular fibres of the between the interatrial groove and the terminal groove subepicardium in the inferior wall (Fig. 6D, G) . [5, 6] .
Interatrial connections 3.2. The left atrium
The complexity of the atrial walls is compounded by the Seemingly uniform, the smooth walls are composed of presence of interatrial connections at sites other than at the one to three, or more, overlapping layers of differently true septum. Muscular continuity between the atriums is aligned myocardial fibres, with marked regional variations frequently found as bridges in the subepicardium. Acin thickness [5] [6] [7] 40] (Fig. 6B-F) . Without a terminal crest quired changes in these bridges, that could abolish or for anchorage, the pectinate muscles tend to be less prolong interatrial conduction, may provide a substrate for regularly arranged than in the right appendage. In some paroxysmal and chronic atrial fibrillation [41] . The most hearts, they appear like whorls of fine ridges lining the prominent interatrial bridge is Bachmann's bundle, seen lumen of the tubular appendage. Although Keith [2] anteriorly (Fig. 6A, C, E ).This bundle is by far the largest described a left taenia terminalis (terminal crest), an of the anatomic interatrial communications, and probably opinion endorsed recently by Victor [38] , in our opinion accounts for the largest part of interatrial conduction. The this ridge is no more than an exaggerated fold in the atrial broad muscular band crosses the anterior septal raphe. It is wall. It is seen in only a proportion of human hearts. It not, however, a discrete, cable-like, structure. Most frecorresponds to the upper bifurcation of the interatrial quently, it is a flat band, or several bundles, of muscular bundle on the epicardial aspect (see below).
fibres arranged in parallel fashion that blend into the Most hearts have a general pattern of arrangement of adjoining myocardium. It has bifurcating branches to both fibres in the smooth portion of the left atrium, but local the right and left atriums that encircle the atrial appenvariations are frequent. On the epicardial aspect, the most dages. Although it can be distinguished as a discrete prominent bundle is the interatrial bundle. This buttresses bundle at the raphe, it blends in with adjacent musculature and runs in parallel with the circularly arranged left atrial elsewhere (Fig. 6C) . Its width and prominence varies from fibres (Fig. 6C, E) . The circular fibres arise from the heart to heart. The muscular fibres in Bachmann's bundle, anterior and antero-superior margin of the atrial septum.
as in the terminal crest, are well aligned. Smaller interatrial They then sweep leftward, where they blend with the bundles are frequently seen alongside Bachmann's bundle leftward extent of the interatrial bundle before bifurcating which cross the anterior interatrial groove [7] . to encircle the appendage, rejoining in the lateral wall to
Other bridges are sometimes present posteriorly, joining form a broad band in the inferior wall which then enters the left atrium to the intercaval area on the right and to the the septal raphe (Fig. 6A, B) . Deeper than the circular insertion of the inferior caval vein (Fig. 7A, B ) and fibres is a layer of initially oblique fibres that arise from providing the potential for posterior breakthrough of sinus the antero-superior septal raphe (Fig. 6C, F) . Termed the impulse. Keith and Flack [4] considered them part of the septopulmonary bundle by Papez [5] , this structure sweeps interatrial band that continues with the circular left atrial superiorly to become mainly longitudinal, with branches fibres. Papez [5] drew attention to a rightward extension of fanning out to pass around the insertions of the pulmonary the septopulmonary bundle that joins with the intercaval veins, continuing as the muscular sleeves surrounding the bundle on the posterior wall (Fig. 7A) . Inferiorly, further veins. On the posterior wall, the septopulmonary bundle muscular bridges from the left atrial wall often overlie and run into the wall of the coronary sinus, providing further studies on normal hearts show its apparently smooth wall pathways of conduction between the right and left atriums to be a complex of overlapping muscular bundles with (Fig. 7C) [40, 42] . Fine bridges connecting the remnant of different orientations, blending into each other in some the vein of Marshall to left atrial musculature have also areas. In other areas, there are abrupt changes in orientabeen demonstrated [43] .
tion, suggesting discordance between subepicardial and subendocardial conduction. Local variations, and mixed arrangement of fibres, are common. If we are to understand 4. Conclusions the pathology of atrial arrhythmias, then it is crucial that knowledge of normal variations be taken into account The substrates for atrial fibrillation are still unclear.
when attempting to interpret findings from abnormal Understanding of normal atrial structures and myoarchitechearts, as and when these become available. For example, ture will allow hypotheses to be made to generate models from Moe's 'multiple wavelet' hypothesis [48] of fibrillaof abnormal conduction. Principally, the atrial wall can no tion, based on a model of two-dimensional atrial sheet, longer be conceived as a homogenous monolayer of elucidation of the pathophysiological mechanisms of atrial myocytes. The topography of the endocardial surface of fibrillation can further be advanced by consideration of the the right atrium is strikingly irregular, dominated by atrial structure in multi-dimensions. Account should cerextensive pectinate muscles. The studies of Spach and his tainly be taken of the heterogeneous transmural and colleagues [44, 45] highlighted the role of structural distranseptal myoarchitecture when developing computer continuities in wave propagation. Jalife and his colleagues models [49, 50] . It is also crucial to note the marked [46, 47] further developed this theme in addressing the differences in structure between the human and the mameffects of three-dimensional structural heterogeneity in mals frequently used in the experimental laboratory. destabilizing re-entry. With regard to the left atrium, our Finally, if our findings are to prove of value to the Downloaded from https://academic.oup.com/cardiovascres/article-abstract/54/2/325/273390 by guest on 06 November 2018
